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Methods for producing 2,7-dimethylocta-2,4,6-trieriedial 
Description 

5 The present invention relates to an improved process; for preparing 2,7-dimethylocta- 
2,4.6-trienedial of the formula I. referred to as Cio-dial hereinafter. 




10 Cio-Dial I is required as an important intermediate for technical processes for preparing 
carotenoids, e.g. lycopene, (i-carotene and astaxanthin (see: "Carotenoids", Vol. 2, 
"Synthesis", page 7 et seq.. page 92 et seq., and page 274 et seq.; Biri^hauser Veriag, 
1996). 

- • ■ * ■ 

15 A good way of obtaining I is therefore particulariy important for a commercial processs 
for preparing these pigments, which are in demand. 

Various processes for preparing Cio-dial are known (see: "Carotenoids", Vol. 2, 
page 117/118), including double enol ether condensation of butenedial bisacetals of 
20 the formula II with propenyl ethers of the formula III to give a hexaalkoxydimethyloctene 
intermediate of the formula IV, followed by a double acetal cleavage to give a dialkoxy 
dial of the formula V and a double alkanol elimination. 
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Various conditions are mentioned in the literature for carrying out this synthetic 
sequence. According to Swiss patent 321 1 06, in a first step butenedlol bisacetal II is 
condensed in the presence of an acidic catalyst with a propenyl ether III, particular 
5 emphasis being placed on boron trifluoride etherate, ZnCb, TiCU. AICI3 and SnCU. This 
process is carried out in the absence of an additional solvent. In the next step, the 
acetal groups of the intennediate IV are hydrolyzed in an acidic medium to form the 
final product I with simultaneous elimination of R1OH from the 2.3 and 6,7 positions. 
Addition of a water-miscible solvent such as dioxane. THF or ethylene glycol dimethyl 
10 ether in combination with aqueous phosphoric acid is mentioned as particularly 
advantageous. The stated yield is 56% of theory. 

Alternatively, the reaction of IV to give the Cio-dial I can also be carried out according 
to Swiss patent 321 106 by heating with aqueous acetic acid for several hours. Cio-dial 
15 is subsequently precipitated by dilution with water. 

According to J. Gen. Chem. USSR. 34, 64 et seq. (1964), the abovementioned enol 
ether condensation of the compounds II and III (Ri = R2= CH3) is carried out In the 
presence of ZnCIa + BF3 etherate without addition of a solvent. The hexamethoxy 
20 compound IV is isolated by distillation in a yield of 71%. Conversion of IV into the 

Cio-dial I is canried out by heating in 6% strength aqueous phosphoric acid for several 
hours, simultaneously distilling out the methanol formed. A yield of 65% of theory 
(based on compound IV) is achieved. The overall yield of 46% of theory (based on 
compound II) is moreover insufficient for a commercial process. 

25 

The enol ether condensation (with Ri = CH3; R2= C2H5) under very similar conditions is 
described in "Carotenoids", Vol. 2. "Synthesis", pages 301/302, (Birkhauser 
Verlag.1996). The crude yield of IV after basic workup - without further purification - is 
stated as being 98% of theory. The hydrolysis and elimination steps are canried out by 
30 heating IV in 90% strength aqueous acetic acid with addition of 15% sodium acetate. 
Addition of water precipitates, in a yield of 70%. a brown product of unsatisfactory 
purity, so that recrystallization is necessary from toluene with addition of activated 
carbon. The overall yield of Cio-dial I is only about 57% of theory (based on 
compound II). 

35 

EP 784042 describes the enol ether condensation (with Ri = R2= CH3) in the presence 
of hydrogen bis(oxalato)borate as acidic catalyst in the absence of a solvent. The 
acetal protective groups are hydrolyzed by heating the reaction mixture undiluted while 
distilling out the methanol produced. Cio-dial I precipitates after the reaction mixture is 
40 made alkaline with 15% strength sodium hydroxide solution. No statement is made 
about the purity of the product; a yield of 67% is found after LC analysis. 
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All the processes described at the outset provide only an unsatisfactory overall yield of 
Cio-dial. In addition, the purity of the product precipitated from the aqueous medium is 
insufficient for it to be employable directly in the synthesis of carotenoids. so that 
additional recrystallization is frequently necessary. 

5 

It was therefore an object of the present invention to provide a process for preparing 
2.7-dimethylocta-2,4,6-trienedial in high yield and in high purity. 

This object has been achieved by a process for preparing 2.7-dimethylocta-2,4.6- 
10 trienedial of the formula I, 



20 



25 




by 

15 a) double enol ether condensation of a butenedial bisacetal of the formula II 




II 



with an enol ether of the formula III, 



III 



in the presence of a Lewis acid catalyst to give a condensation product of the 
formula IV, 




IV 



where the radicals Ri and R2 in formulae II to IV are independently of one 
another Ci-Ce-alkyI; 
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b) hydrolysis of the acetal groups of IV by adding an aqueous acid to form the 
dialdehyde of the fornnula V; 



c) conversion of V into the dialdehyde I by reacting with an aqueous base and 

d) crystallization of 1 from the reaction mixture, 

Wherein process steps a) to d) are candied out in the presence of an inert, water- 
immiscible organic solvent. 

AlkyI radicals Ri and are linear or branched d-Cg-alkyl chains, e.g. methyl, ethyl, 
n-propyl, 1-methylethyl. n-butyl, 1-methylpropyl. 2-methylpropyl. 1,1-dimethylethyl, 
n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyI, 2,2-Hiimethylpropyl. 

1- ethylpropyl, n-hexyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, 1-methylpentyl, 

2- 'methylpentyl, 3-methylpentyl. 4-methylpentyl, 1,1-dimethyIbutyl, 1 ,2-dimethylbutyl, 
1 ,3-<limethylbutyl, 2.2-dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 
1-ethylbutyl, 2-ethylbutyl, 1,1.2-trimethylpropyl, 1.2,2-trimethylpropyI, 1-ethyl- 

1 -methylpropyl and 1-ethyl-2-methylpropyl. Preferred alkyi radicals are methyl, ethyl, 
n-propyl iahd l-nnethylethyl, particularly preferably methyl and ethyl, very particularly 
preferably methyl. 

The spatial arrangement of the substituents on the C-C double bonds in compounds II, 
III and IV, and the configuration of the central C-C double bond in compound V is 
irrelevant to the feasibility of the process of the invention. Possibilities in this 
connection are both isomerically pure cis-trans compounds, and cis-trans mixtures. 
Ordinarily, cis-trans mixtures of the compounds II to V will be employed in the context 
of the present invention. 

The C-C double bonds in the 2,7-dimethylocta-2,4,6-trienedial of the fonnula I which is 
prepared according to the invention are predominantly in the all-trans configuration. 
The proportion of all-trans Cio-dial is ordinarily in the range between 85 and 95%. 

"inert water-immiscible organic solvents" mean in particular open-chain or 
cyclohydrocarbons such as, for instance, hexane, heptane or cyclohexane, aromatic 
hydrocarbons such as benzene, toluene or xylene, dialkyi ethers such as, for instance, 
diisopropyl ether, di-n-butyl ether or methyl tert-butyl ether, Ci to Ce alkyI esters of 
alkanecarboxylic acids such as, for example, ethyl acetate, and mixtures of these 
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solvents. Aromatic hydrocarbons are preferably employed, particularly preferably 
toluene. 

In the first step of the process of the invention, the double enol ether condensation of II 
5 with III, the procedure is ordinarily such that compound II is mixed with an acidic 
catalyst. The concentration of II is not critical; it is ordinarily from 5 to 15% by weight, 
preferably about 10% by weight, based on the total weight of the solution. 

Suitable catalysts are generally the Lewis acids mentioned in the literature for enol 
10 ether condensations of this type (see. inter alia, "Carotenoids", Vol. 2, p. 29/30); that 
have to be mentioned as prefen^ed are BF3 etherate, ZnCl2 and FeCIa, and mixtures 
thereof. Anhydrous FeCIa is particularly prefen-ed. 

The catalysts are employed in an amount of from 0.05 to 10 mol%, preferably in an 
15 amount of from 0.1 to 5 mol% (based on compound II). The reaction temperature in the 
enol ether condensation is in the range from about OX to 50°C, preferably from 20°C 
to30"C. 

The amounts of enol ether III employed are ordinarily in the range from 1.9 to 2.3 mol. 
20 preferably in the range from 2 to 2.2 mol, particularly preferably 2.1 mol. per mol of 
butenedial bisacetal II employed. 

The enol ether condensation of the invention is advantageously carried out in such a 
way that the butenedial bisacetal II is mixed with the Lewis acid, and the enol ether III 
25 is metered in continuously over several hours, preferably 3 to 6 h. 

One advantage of the process of the invention is that no workup of the reaction mixture 
from the enol ether condensation is necessary. On the contrary, the subsequent acetal 
hydrolysis can be carried out in the reaction mixture from the first stage without workup. 

30 

Acidic catalysts suitable for stage b) are aqueous solutions of inorganic acids such as. 
for instance, sulfuric acid, nitric acid, phosphoric acid, boric acid or hydrohalic acids, 
and acidic salts of polybasic acids such as, for instance, alkali metal or alkaline earth 
metal bisulfates. Also suitable are aqueous solutions of salts with an acidic pH for the 

35 acetal cleavage, such as, for example, aqueous solutions of FeCIa or ZnCb, so that it is 
necessary if appropriate merely to add water to the reaction mixture from the enol ether 
condensation without further addition of an acid. Besides these inorganic acids, also 
suitable for this acetal cleavage are aqueous solutions of organic acids such as, for 
instance, sulfonic acids (methanesulfonic acid, benzenesulfonic acid, toluenesulfonic 

40 acid) and other organic acids such as, for instance, citric acid, oxalic acid, formic acid 
and lower alkanecarboxylic acids such as, for example, acetic acid. 
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Preferred acidic catalysts are sulfuric acid, nitric acid, phosphoric acid or hydrohalic 
acids or mixtures thereof, and sulfuric acid is particularly preferably used. 

The concentration of the acid in the aqueous solution is in the range from about 0.1 to 
5 20% by weight, preferably about 2 to 10% by weight, and the reaction tennperature is in 
the range from 20°C to the respective boiling point of the solvent employed, preferably 
in the range from SO^'C to 90°C, particulariy preferably in the range from 70**C to 90*^0. 

The acetal cleavage can take place in one stage, in which case the alcohol formed is 
10 removed from the acetal cleavage/acetalization equilibrium preferably by distillation 
under atmospheric pressure or reduced pressure. Alternatively, the resulting alcohol 
can also be removed by extraction into the aqueous phase. In this case, if appropriate, 
a 2 to 3-stage procedure is advantageous to complete the conversion. 

1 5 The acetal cleavage (conversion of compound IV into compound V) is followed by the 
elimination reaction c) to give the Cio-diaL This is done by adding a base to the solution 
of the dialkoxy dial V. The acidic aqueous phase of the acetal cleavage can in this case 
be made alkaline directly, but in the prefen'ed embodiment of the process of the 
invention it is removed before addition of base. 

20 

Bases suitable for the elimination reaction are aqueous solutions of alkali metal and 
alkaline earth metal hydroxides, carbonates and bicarbonates, trialkylamines such as, 
for instance, triethylamine or alkali metal or alkaline earth metal salts of organic acids 
such as, for instance, acetates, formates or oxalates. Aqueous solutions of sodium 
25 hydroxide, sodium carbonate or sodium bicarbonate or mixtures thereof are preferred, 
and an aqueous solution of sodium bicarbonate is particularly preferred. 

The concentration of the base in the aqueous solution is about 0.2 to 15% by weight, 
preferably about 1 to10% by weight. The reaction temperature is in the range from 
30 20**C to the respective boiling point of the solvent employed, preferably in the range 
from 30°C to 90°C, particularly preferably in the range from 70°C to 90X. The resulting 
alcohol can if desired be distilled out under atmospheric pressure or reduced pressure. 

After completion of the elimination reaction, the aqueous phase is separated off. The 
35 organic phase can if desired be washed with water to remove water-soluble impurities. 

The product precipitated from the organic phase can be isolated by filtration in a 
manner known per se. Required product still dissolved in the mother liquor can be 
obtained by further concentration and renewed crystallization, but particulariy 
40 advantageously by recycling the mother liquor with partial discharge (discharge rate 
about 5 to 1 5%. preferably 1 0%). 
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Cio-Dial I is obtained in this way in a yield of at least 80% of theory (based on 
compound II) and with a purity of more than 99.5% (according to GC). This product is 
suitable without a further purification step for the final carotenoids stages mentioned at 
the outset 

5 

In another embodiment of the process of the invention, the base can be added 
undiluted to the solution of V in the respective inert organic solvent. Bases suitable in 
this case are, beside trialkylamines such as, for example, triethylamine, tripropylamine 
or tributylamine. also alkali metal or alkaline earth metal hydroxides, carbonates and 
10 bicarbonates, and salts of organic acids such as. for example, acetates, formates or 
oxalates. These bases can be employed in catalytic amount, but preferably in molar 
amount (based on compound V) or in a multiple molar excess. After completion of the 
elimination, the basic elimination catalyst is washed out by one or more water 
washings. 



15 



20 



The process of the invention is to be described in more detail by means of the following 
examples. 

Example 1 



179.1 g (1.013 mol) of butenedial bisacetal 11 (Ri = methyl) and 0.35 g (2.16 mmol) of 
anhydrous iron(lll) chloride were introduced into 2 I of toluene. 147.6 g (2.026 mol) of 
1-methoxypropene III (R2 = CH3) were fed in over the course of 4 h. During this, the 
reaction temperature was kept at 25°C. After the end of feeding in. the mixture was 

25 stirred at + 25°C for 2 h. Then 400 g of 2% strength aqueous sulfuric acid were added, 
and the mixture was heated to 80**C and stin-ed at this temperature for 4 h. The 
aqueous phase was then separated off. Once again 400 ml of 2% strength sulfuric acid 
were added and, after stirring at 80°C for 2 h, the aqueous phase was separated off. 
This operation was repeated once again. Then 1000 g of a 5% strength sodium 

30 bicarbonate solution were added, and the mixture was stirred at a temperature of 80 to 
85°C for 3 h. The lower aqueous phase was separated off. and the upper organic 
phase was washed at 80^*0 with 500 ml of water at 80°C. The aqueous phase was 
separated off, and the organic phase was concentrated to 1 I under reduced pressure. 
The concentrated organic phase was cooled to O^'C, and the resulting suspension of I 

35 was stirred at 0°C for 1 h. The product was filtered off. washed twice with 250 ml of 
cold toluene each time and dried in a vacuum drying oven at 50°C/20 mbar. 

Final weight: 1 28.3 g of Cio-dial I 

Yield: 77.3% of theory 

40 M.p.: 162°C-163°C 

Purity (GC): 100% 
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A further 10.5 g (6.3% of theory) could be isolated by concentrating the combined 
mother liquor and washings. 

It was also possible to isolate required product still present in mother liquor and 
5 washings due to residual solubility by recycling to the crystallization of the next batch 
(see example 2). 

Example 2 

10 98.9 9 (0.55 mol) of butenedial II (Ri = methyl) and 0.268 g (1 .65 mmol) of anhydrous 
iron (III) chloride were introduced into 682 g of toluene. 79.3 g (1.10 mpl) of 1- 
methoxypropene HI (R2 = CH3) were fed in over the course of 4 h. During this, the 
reaction temperature was kept at 25°C. After the end of feeding in, the mixture was 
stirred at 25X for 2 h. 



15 



855 g of reaction product mixture were obtained. 



A 389 g portion (which corresponded to a proportion of 0.455 of the complete reaction) 
was mixed with 125 ml of 0.5% strength sulfuric acid. The mixture was stirred at 85^C 
20 for 5 h, during which the methanol produced was distilled out under atmospheric 
pressure. 

Then, without previous removal of the sulfuric acid-containing aqueous phase. 1 10 g of 
a 5% strength sodium bicarbonate solution were fed into this two-phase mixture at 
25 85°C over the course of 1 h, and the mixture was stirred at 85^0 for a further 3 h, 

during which the methanol produced was continuously distilled out under atmospheric 
pressure. The lower aqueous phase was then separated off at 80°C. The upper phase 
at 80°C was washed with 75 ml of water at 80°C. 

30 The aqueous phase was separated off. 

The organic phase was concentrated under 400 mbar. This entailed simultaneous 
feeding in of 90% of the mother liquor and the whole of the washings from an identical 
previous batch. When the final volume was about 250 ml. it was cooled to 0^*0. The 
35 resulting suspension of I was stirred at 0°C for 1 h. The product was filtered off, 
washed twice with 50 ml of cold toluene each time and dried in a drying oven at 
50"C/20 mbar. 

Final weight: 34.46 g of Cio-dial I 
40 Yield: 84, 1 % of theory 

M.p.: 163"C-164"C 
Purity (GC): 100% 
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Mother liquor and washings were collected separately. 90% of the mother liquor and 
the whole of the washings were recycled to the concentration step for an identical 
following batch. 10% of the mother liquor were discharged and disposed of. 

5 

Example 3 

A solution of 80.1 g of enol ether condensation product IV (Ri = R2 = CH3) in 500 ml of 
toluene which was prepared in analogy to example 1 was mixed with 250 ml of 2.5% 
10 strength aqueous phosphoric acid. The mixture was heated to an internal temperature 
of 85 to 90°C and methanol was distilled out over a period of 5 h. The lower aqueous 
phase was separated off. The upper organic phase was analyzed by gas 
chromatography. It comprised 86.6% dimethoxy dial V, 4.5% enol ether condensation 
product IV and 7.2% Cio-dial I. 

15 

Example 4 

A solution of 8.01 g of enol ether condensation product IV (Ri = R2 = CH3) in 50 ml of 
toluene which was prepared in analogy to example 1 was stirred with 25 ml of 1 0% 
20 strength aqueous oxalic acid solution at 80^*0 for 1 h. The organic phase was then 
analyzed by gas chromatography: 

89.3% dimethoxy dial V, 1.7% enol ether condensation product IV. 
25 Example 5 

50.6 mg (0.5 mmol) of triethylamine were added to a solution of 2.28 g (10 mmol) of 
dimethoxy dial V in 20 ml of toluene which was prepared in analogy to. example 1 . The 
mixture was then heated under reflux for 8 h. The GC analysis thereafter showed 
30 98.5% Cio-dial I and 1 .5% dimethoxy dial V. 

Example 6 

2.86 g (34 mmol) of solid sodium bicarbonate were added to a solution of 2.86 g 
35 (12.5 mmol) of dimethoxy dial V in 25 ml of toluene which was prepared in analogy to 
example 1 . The suspension was heated under reflux for 8 h. The GC analysis 
thereafter showed 92% Cio-dial I and 7.5% dimethoxy dial V. 



